Two trials were conducted to evaluate phytase addition to diets with corn, rice and soybean meals for swine. In the first trial, the digestibilities of gross energy and crude protein and the availabilities of calcium (Ca) and phosphorous (P) of diets with or without phytase were evaluated in growing barrows (BW 20.42 ± 2.45 kg), using the total feces and feed collection methods. In the second trial, the parameters evaluated were pig performance, mineral contents in the 3rd and 4th metacarpals, feces production and composition of growing and finishing gilts fed one of the following diets: Positive control (PC), formulated to achieve nutrient and energy requirements of growing and finishing gilts; Negative control (NC), diet PC meeting 84% and 65% of Ca and P levels, respectively; Negative control + phytase (PHY), diet NC + 0.01% phytase (500 FTU/kg). Phytase addition improved P and Ca availabilities in 14.34% and 4.08%, respectively, compared with the diet with no phytase, in trial one. In trial two, the deposition of zinc in the metacarpals was improved by the enzyme and Ca, P and copper fecal excretions of the animals from the PC diet were greater than that observed for the PHY animals. Phytase addition improved the use of phytic phosphorous and calcium by the pigs and is recommended as a way to reduce the potential environmental impact of swine production. Key words: Calcium, environmental pollution, enzyme, piglets, phosphorous
Introduction
From 60% to 80% of vegetable phosphorous (P) is attached to the phytate molecule (myoinositol hexaphosphate ester), being unavailable for monogastric animals (SELLE; RAVINDRAN, 2008; DERSJANT-LI et al., 2015) . Thus, it is necessary to supplement the diets of these animals with a source of available P. This represents an economical problem because of the expense of P supplementation as well as environmental concerns. The excess P, which is unavailable to the animals, is excreted and can pollute the environment.
The problem is that in the small intestine lumen of monogastric animals, which presents a pH close to neutral, phytate is poorly soluble (SCHLEMMER et al., 2001 ). This causes phytate to be unavailable to the endogenous phytase in pigs, the enzyme necessary to degrade the phytate and release P. Furthermore, phytate presents highly ionized orthophosphate groups that can form complexes with a variety of cations, such as calcium (Ca), iron (Fe), copper (Cu) and zinc (Zn) (WOYENGO et al. 2009 ), the amino group of some amino acids (lysine, arginine and histidine) and conjugated glucose molecules, making them unavailable by the formation of insoluble complexes in the digestive tract (PETER et al., 2009; SCHLEGEL et al., 2009) . Thus, phytate is considered an antinutritional factor, affecting not only phosphorous availability but also the availability of cations, amino acids and energy (SELLE; RAVINDRAN, 2008; DERSJANT-LI et al., 2015) .
The inclusion of exogenous phytases in swine feeding can improve the utilization of phytate P by degrading this molecule in the stomach of the animals. The low pH of the stomach makes phytate more soluble, allowing the action of phytases. Thus, the majority of P that was attached to phytate can be released to the animal in their small intestine, where this mineral can be absorbed (ADEOLA; COWIESON, 2011).
The use of this enzyme may promote a better use of vegetable P, which may be reflected in a reduction of the inclusion of P sources in the diets. In this way, P excretion in feces can be reduced and some minerals and amino acids can be more available to the animal. However, the responses of phytase addition to the diets depend on the diet composition, level and source of phytase and P and Ca diet concentrations (DERSJANT-LI et al., 2015) .
The objectives in this study were to evaluate, in two trials, the phytase enzyme in diets composed mainly of corn, rice and soybean meal in swine feeding. In the first trial, energy and protein digestibilities and Ca and P availabilities in the diets of pigs were evaluated. In the second trial, performance, bone mineral depositions and mineral excretions in feces of growing and finishing swine were evaluated.
Material and Methods
The animal procedures were reviewed and approved by the Universidade Estadual Paulista Committee of Ethics and Animal Welfare (protocol nº 005101/11) and followed guidelines established by the Brazilian Council of Animal Experimentation. The trials were performed at the Sector of Swine Production in the Animal Science Department at Universidade Estadual Paulista, Campus of Jaboticabal. In the digestibility trial, the total feces and feed collection method was employed and 16 Topigs barrows (Topigs 20 sow x Toppi boar, 20.42 ± 2.25 kg) were placed in metabolic cages. The animals were allotted into two diets, composed mainly of corn, rice and soybean meal, which differed only in phytase addition. The control diet (C) had no phytase and the other diet (PHY) was supplemented with 0.01% phytase (500 FTU/kg of ration). The diets were formulated with reductions of 2.85%, 2.63% and 20% in the levels of digestible energy, crude protein and available P, respectively, in relation to Rostagno et al. (2005) recommendations (Table 1) . 3 Biomox -50 of amoxicilin per 100 g of product;
4 Leucomag -30 g of leucomicin per 100 g of product;
5 In diet P, phytase inclusion was 0.01%, substituting inert.
The animals were housed in the metabolic cages for ten days. The first five days provided an adaptation period to the cages and diets and were used to measure individual feed consumption. In the last five days, the feces and rations samples were collected for chemical analyses. The feed quantities offered to each animal during the collection period were the product of the measured consumption coefficient (quantities of rations consumed during the adaptation period by each animal divided by the metabolic weight of the animal, which presented the lowest ration consumption) and the metabolic weight of each animal. These quantities were offered to assure full consumption of the rations by the animals, avoiding feed refusals. The feeds were offered twice a day, at 8:00 h and 17:00 h, and the rations were previously weighted and then mixed with water (1:1, w:v). Drinking water access was ad libitum. Ferric oxide was used as a fecal marker to determine the beginning and the end of the collection period. The feces were collected and weighed twice a day and then frozen.
In trial two, performance, feces and mineral excretion in feces, bone mineral depositions and contents were evaluated using 27 Topigs gilts (Topigs 20 sow x Toppi boar, 37.7 ± 5.3 kg of initial body weight) allotted into three diets (Table   2 ): Positive control (PC) -basal diet formulated to achieve nutrient requirements of growing and finishing gilts according to Rostagno et al. (2005) ; Negative control (NC) -PC with reduced levels of Ca and P, achieving these mineral requirements in 84% and 65%, respectively; Negative control with phytase (PHY) -diet NC supplemented with 0.01% phytase (500 FTU/kg of ration). This trial was divided in three phases: I, from 75 to 92 days of age; II, from 93 to 113 days of age; III, from 114 to 158 days of age. In the beginning of each phase, the animals were weighed and the diets were changed according to their nutritional requirements. The animals were housed individually in 2.55 m 2 pens, with semi automated feeders and free access to drinking water. 1 FRIMIX® -Fri-Ribe, did not contain growth promoters. Provided per kilogram of diet: Vit A -4000 U.I.; Vit. D3 -220 U.I.; Vit. E -22 mg; Vit. K -0.5 mg; Vit. B2 -3.75 mg; Vit B12 -25 µg; Calcium panthotenate -12 mg; Niacin -20 mg; Coline -60 mg; Iodine -140 µg; Selenium -300 µg; Manganese -10 mg; Zinc -100 mg; Copper -10 mg; Iron -99 mg.
2 Phytase inclusion was 0.01%, substituting inert.
The determinations of average daily gain (ADG), average daily feed intake (ADFI) and the calculation of feed conversion ratio (FCR) were performed by weighing the animals, as well as the offered feed and the wasted feed in the feeders at the beginning and end of each phase. The wasted feed was collected daily, quantified and discounted from the total amount offered to the animals.
The evaluation of feces production, P, Ca, magnesium (Mg), Zn, copper (Cu) and manganese (Mn) excretions were performed by collecting feces during the finishing phase, as follows: twice a week pens were washed with pressurized water and from the end of the washing until 24 hours later all the feces produced by the animals were collected. The pens were separated by wood panels to avoid the ability of one animal to defecate in the pen of another through the bars between the pens. Parts of the feces were collected by grab sampling, directly from the rectum of the animals, and the others parts were collected from the floor. The feces samples collected from the floor of the pens were weighed and disposed of, and the feces samples collected from the rectum of the animals were weighed and frozen for laboratory analyses.
At the end of the collection period, in both trials, the feces of each animal were thawed, homogenized and sampled. The feces portions were initially dried in a forced draft oven at 55ºC for 72 hours and subsequently ground in a knife mill to pass through a 1 mm screen; the ration samples were only ground.
In the processed feces and feed samples of trial one the following laboratory analyses were performed: dry matter (DM), crude protein (CP) and gross energy (GE) in a adiabatic bomb calorimeter, P by calorimetry and Ca using atomic absorption spectrophotometry, according to Silva and Queiróz (2002) . The same analyses were performed in the samples of trial two, plus the determinations of Mg, Zn, Cu and Mn using atomic absorption spectrophotometry, according to Silva and Queiróz (2002) . All determinations were conducted at the Biochemistry lab of Technology Department, and at the Animal Nutrition Lab of the Animal Science Department, both in FCAV -Unesp, Jaboticabal Campus.
In trial one, the DM, CP, GE, Ca and P values were used to calculate CP and GE digestibilities, Ca and P availabilities and their respective digestible and available values, according to Adeola (2001) . In trial two, considering the quantification of feces excretions, the contents of DM and minerals in feces and feeds and the animal feed consumption, the amounts of macro-and micro minerals excreted per kilogram of ingested feed (AMEIF) were calculated dividing the amount of mineral excreted per day per animal (g for Ca, P and Mg, or mg for Cu, Fe, Mn and Zn) by the amount of mineral ingested per day per animal (g).
At the end of the trial, all the animals were slaughtered in a commercial slaughter house and the 3rd and 4th metacarpals of each pig were removed, identified and frozen for further DM, mineral matter (MM) and mineral determinations. The samples were thawed and autoclaved at 120º C in one atmosphere for 10 minutes to facilitate soft tissue withdrawal. After this procedure, the samples were dried in a forced draft oven at 65 ºC for 72 hours and then each bone was broken horizontally to allow for easier fat extraction. Fat extraction was performed in a Soxhlet extractor with petroleum ether for six hours. Sequentially, the bones were ground in a ball mill and submitted to defatted DM and MM determinations and digestion with 6N hydrochloric acid. In the digested samples, the extract determinations of Ca, Mg, Cu, Fe, Mn and Zn were analyzed using atomic absorption spectrophotometry; P was analyzed using colorimetry.
In both trials a complete randomized block design was employed, to control the initial weight differences, with eight repetitions per diet in trial one and nine in trial two, each animal was considered an experimental unit. All data were submitted to analysis of variance, using the General Linear Models of SAS (SAS 9.1, SAS Institute, Cary, NC, USA). In trial two means were separated by the Student -Newman -Keuls (SNK) test at 5% probability. The performance evaluations were accomplished in periods because the animals were not redistributed in the original blocks after the end of each phase. The periods were: Period I -75 to 92 days of age, Period II -75 to 113 days of age and Period III -75 to 158 days of age.
Results and Discussion
Phytase addition improved (P<0.05) P and Ca diet availabilities for the pigs by 14.34% and 4.08%, respectively, compared with that observed in the diet without the enzyme (Table 3 ). The enzyme inclusion in the pigs diet improved the utilization of phytate P by degrading this molecule and therefore making part of the P available. In addition, part of the Ca complexed by the phytate molecule was liberated and available for the animals. These results confirms the efficacy of phytase in improving P and Ca availabilities and are in accordance with the findings of several researchers (KIM et al., 2005; BRAÑA et al., 2006; KIES et al., 2006; NYACHOTI et al., 2006; GUGGENBUHL et al., 2007; HTOO et al., 2007; POULSEN et al., 2007; MOEHN et al., 2007; KAY, 2007; KIM et al., 2008; POMAR et al., 2008; HILL et al., 2009; POULSEN et al., 2010a POULSEN et al., , 2010b ATAKORA et al., 2011; ALMEIDA et al., 2013; MADRID et al., 2013; FÁVERO et al., 2014; RUTHERFURD et al., 2014; KAHINDI et al., 2015) who verified improvements of P availability from 4.1% to greater than 100% with phytase addition in pig diets. This great range in P availability improvement is a consequence of differences in the design of the mentioned studies, such as the use of different feed ingredients, different phytase levels or activities, use of other enzymes in combination with phytase and diets with different nutrient levels.
However, some studies reported no positive effects of phytase addition in pig diets over Ca availability (MOEHN et al., 2007; POMAR et al., 2008; ATAKORA et al., 2011) , which may be related to differences in diet compositions, resulting in a greater or lower association between phytic acid and Ca and to the type of phytase used (DERSJANT-LI et al., 2015) . By contrast, the improvement in Ca availability found in this study is in accordance with the results found in many studies (BRAÑA et al., 2006; GUGGENBUHL et al., 2007; KIES et al., 2006; KIM et al., 2005 KIM et al., , 2008 POULSEN et al., 2010a; KAY, 2007; ALMEIDA et al., 2013; MADRID et al., 2013; FÁVERO et al., 2014; RUTHERFURD et al., 2014; KAHINDI et al., 2015) , which show that phytase can effectively improve not only P availability but also Ca availability.
There was no difference (P>0.05) for GE and CP digestibilities in the diets with or without phytase. Complexes formed by phytate -protein or phytate -conjugated glucose molecules might be broken by phytase, allowing greater amino acid and energy use by the animals, respectively. Nevertheless, phytase inclusion did not improve protein and energy digestibility possibly because of the low complexation between these nutrient and phytate in the feedstuffs used. Phytic acidprotein and carbohydrates associations may not be strong enough to depress CP or energy digestibility (ORYSCHAK et al., 2002) . The results found in the present research are in agreement with the ones found by Kim et al. (2005 Kim et al. ( , 2008 In trial 2, the performance parameters evaluated were affected by the experimental diets in period III (Table 4 ). The pigs fed the NC diet presented a lower (P<0.05) feed conversion ratio than the animals submitted to the PC diet, and both presented similar (P>0.05) FCR in comparison with the PHY animals. The 8.6% difference higher ADFI (P>0.05) by the NC animals, as compared to PC pigs, did not promote a greater ADG, which led, therefore, to a 7% decrease (P<0.05) in the FCR of the NC animals compared to the PC animals. Despite the lack of effects of the feed enzyme over ADG and ADFI of the pigs, it is possible to note the beneficial effect of phytase, as it was able to provide similar feed conversions between the PC and PHY animals in Period III. As the PHY diet had less P, Ca, metabolizable energy and crude protein contents than the PC diet, it is possible to affirm that phytase supplementation permitted a better use of the diet nutrients by the animals. The results found in this study are similar to the results verified by Braña et al. (2006) ; Kies et al. (2006); and Sands and Kay (2007) , who did not observe differences in the performance of pigs fed a control diet, which met the P and Ca requirements of the animals, or a diet with reduced contents of these minerals that was supplemented with phytase (500 FTU). Atakora et al. (2011) fed growing gilts diets with reduced P and crude protein levels or a control diet that met the animal's requirements and also found no differences in pig performance. In contrast, Santos et al. (2014) verified improvements in ADG and in feed efficiency of pigs fed diet with reduced nutrient levels but supplemented with 2000 FTU/kg of feed, in comparison with animals submitted to a diet without nutrient restriction. But it is important to note that, in this case, phytase activity in diets was much higher than the employed in the present study.
The animals fed the PC diet excreted greater quantities (P<0.05) of Ca, P and Cu than the PHY pigs, which did not differ (P>0.05) from the NC animals (Table 5 ). However, the PHY animals excreted 18%, 23.1% and 12.09% less Ca, P, and Cu, respectively, than the NC animals, indicating that the phytase made these minerals available from the feed ingredients, resulting in lower excretion of the minerals in feces and reducing its pollutant impact. Htoo et al. (2007) and Atakora et al. (2011) also verified reduction in P excretion in pig feces when the animals were fed diets with reduced P levels, supplemented with phytase, in comparison with animals submitted to a diet that met P requirements, with no supplemented phytase. Madrid et al. (2013) also observed improvements in P and Cu digestibilities in diet supplemented with phytase (500 FTU/kg) in comparison to diet with no phytase for pigs, and calculated that the reductions in P and Cu excretions, because of phytase, would be of 39% and 33%, respectively.
The amount of daily produced feces and the quantities of Mg, Mn and Zn excreted were similar (P>0.05) between the animals of the three treatments, differing from the findings of Zhang et al. (2003) , who fed pigs a multi-enzyme preparation, supplying 500U of β-glucanase and 300 FTU phytase per kilogram of diet, and verified a reduction in dry and wet feces excretion, in comparison with pigs fed diets with no enzyme. By contrast, Nyachoti et al. (2006) did not find reductions in the feces excretion of pigs fed diets supplemented with enzymes.
The majority of mineral and ash contents and the weight of the third and fourth metacarpals of the pigs (Tab. 5) were not affected (P>0.05) by the diets. Zinc was the exception, and the zinc content was higher (P<0.05) in the bones of the animals fed with diet PHY. Diet effects on mineral bone contents are dependent on dietary mineral contents and on the magnitude of mineral reductions in the diets. In this study, the reductions of 18% and 16% in available P and Ca contents, respectively, in NC and in PHY diets did not promote significant effects in bone mineral content. The animals fed diet NC had a numerically greater ADFI, which most likely compensated the lower available P and Ca in the diet. Shelton et al. (2004) did not verify differences in bone ash, Ca, P, Fe and Mg of pigs fed a control diet, without Ca and P reductions and phytase, or a diet with reductions of 42% and 17% in P and Ca contents, respectively, supplemented with phytase. Similarly, Hinson et al. (2009) and Madrid et al. (2013) did not find differences in swine bone parameters, such as Ca, P and ash contents, by phytase supplementation in the diets, with reduction in available P content. By contrast, Lüdke et al. (2002) verified decreases in metacarpal weight, ash content, Ca and P deposition in metacarpals of pigs fed diets with a 58% reduction in available P and a 32% reduction in Ca, supplemented with 750 FTU phytase, in comparison with animals fed a diet without P and Ca reductions and with no phytase. In the research of Ludke et al. (2002) it is important to consider that the reductions in P and Ca contents in diets were much greater than the ones used in the present research, which can explain the difference in the results.
Conclusions
Phytase addition to pig diets is recommended as a method to improve P and Ca availabilities for pigs and reduce the environmental impact that may be caused by pig production without interfering with animal performance.
